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^^^l^Efl^ *fll afl2 ^JIS ^-g-fl ^4 ^>7l Tfll ^ofi cfl^= 

*m ^« *m 71^32)-, 51^ *fll <S*H 

^€ *U #efl^-f\ afll ^ *l|2 #5fl = #* afll «-#-»M-, #7l £*L^ 7l 

^=I<H «"^#-g; ^*Hr Sj-^^ #-g- ^HH^Kr ^12 «^<^ ^ ^14 #HflJEL#* *fl 
2 #7l E*I^ 71^ ^ <£^5} *lll ^ 2 #5 flc^ofl ^ 2 

*R ^ #71 ^14 #2fl = ^ofl ^^-o. ^e^-^ aflAfl ^-^^ ^j^-^-cf. 

^ 27fl SL^ 3711 Si 4^-cfl^Sl #-g- ^-a>^ 271121 ol-§-^-o.^^| ^^-^11 oil 3tb Jl 

-§T#^* ^l^^i ^ «#ol ^ tfi7lf ^ ^ ol^ ^n]- Cl-u)^, 

5L*1^ 7}# ^Hl 27fl2l <£#^-# i^S] ^^JELS, c^sl 711^ LED ^ 

u o v ^iH=} 3£ ^l^al-g-^-^ icf ^^1-711 *lls^ ^ 5icf. 
£ 2 

[AjlOlol] 

^^Mi^K white ligt emitting diode), ^^r^^K 
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«flxq ^-^-^^ ^ ^ ^"cHH WHITE LIGHT EMITTING DEVICE AND METHOD OF PRODUCING THE 

SAME} 

ila ^ lb^ ^2fl^ «J)^ ig^i^a) ^ M-E}i4]^ ^-^£ol4. 

513a 3f^ o^^A^^ofl tcfs. MHAjj ^ ±7 .}2] *k^*}7] 3) 

£4fe -g- ^^Al^E]]^ ^ ^Afl ^^]- 3Xfl7l^l- M-E}-^^ Cf^^0)cf . 

20: *fll 21; GaN #efl^# 

23: GaN/InGaN 25.: <25EH. GaN #2fl.E,# 

27: GaN/InGaN %H3# 29: p^f AlGaN #-fifl = ^ 

30: *fl2 31: n ^ AlGalnP #efl = # 

33: AlGalnP *H 35: p <§ AlGalnP #efl = # 
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41: GaN 7)J± 43: %<&*t 
45: n# ^ 47: 



^« *r safe 3M§^°1 <M ^€ ^ n ^laU-^ofl 

€4. «H ^ ^>fe °l-§-*}fe H <H]4 7fl^ LED3- *M ^ 

^ LED* 3^*)-fe "<H=H ° S V B^ 5tm. 

<17> Oj-g-^ Hfl^ tg^^M- *fl2:S]-fe ^iL^fe, ^^j.^ oj-g- 

* r fe ^4 -^-a ^^>» °i -g-*i-fe *s-ih sa^. # c h, ^^>» °i-g-*}fe 

3-Mfe YAG ^^]# °l-§-*H «JH#ilS 2p3" ^r, 3^ LEDS^-E-1 t 

^ ^Afl^vol YAGCYittrium Aluminum Garnet #31* <^7lX|^ a^JLS. ^^^-g- 
« *r sa^. 
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<is> £la^r ^efl^ YAG^#*)ll- ol-g-tl: tt 4^ SH-i*K20)3 ^1 M-Ej-vfl^ ^^£o] 

i}. £la# fe*>^, #7] 5^=3)^(12)^ ?&o\] InGaNTjl ^ LED(IO)^ <#7] ^ vfl 

«.oflAi ^Afl LED(IO) ^» YAG ^*H(15)7> S. SX^. 3E$, #7l 

LED(IO)^ ^2:* ^ °<J=^- ^^H5fl<y(12)3f -g-^- &)=l-e^J(14)ofl <%o] o] (u, 13)3. z}-z}- 

o^sM, ^ LED(10)7> #*fl El=H^I^(12,14) *M(17)3. 

4. 

<i9> -#7) S1S.= ^^(12,14)* *«fl ^V^M inGaN^l LED(10)3.JM ^J)#o] 

^s)^, n ^#£r YAG ^«(15)» <^7lAl^cf. ol nfloj] YAGH^Mfe- InGaN ^ 

LED( 10)^ 460nnHl^i ^7}S\^ 7>*lJEL3. ) ^^S. ^^4. °1 

Q &o] YAG ^M(15)« **fl ^ LED(10)S.^-E^ afl^ iH^^r tf 

«jjmi ^s^n, 3^3-^ ^-^tii 



3£la<>ll 5*1 € #2fl^ afl^ ^i*}-^ #4] (RGB HI sfl^Hir z*^ LED* a>-§-^ nflofl 
^#-8: <£fe ^cf. 
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<22> tf-g. #efl^ 7l#S.^, tf^CRGBHl Sfl^Hr z^J) LED* ^ t^-^^>7> 

#^t4(30)^ °H z^o) LED(23,25,27)5L ^^H, A LED^r £M<>1(22)-I- -f-sfl *V 

<y4fl 5} ^(2lHl Slbofl -E^l€ ^^>(30)^ ^ LED(23,25,27)S.-^ 

^avsj cf^. Aflo^ ^(ofl-i-ol , RGB)°1 MflAfl^ aJ^^) ^cf. 

<23> oje^v ^aj] LED-b ^^Nl5L <y*> ^#-§: <£-8: ^ 2+ 

LED* ^1S^7}7> o>u)e^ ( «JH^h8r <£7l £|*1H, z\ LED 



^-7)*V #5fl 7l#^ *M*M ^ ZL S.^ 

7}^} aPAfl^-o.^ ^7V^*V 27fl SE^r 37fl tfl ^ #-g- ^^Vfe- 27^ ^u.^. 



<25> S*V, *W ^71 ^Afl ^yj-tt^ ^l^>^cfl ojuf. 

<26> A o V 7l 7 ] + 7$ j^^S, *fl^S>7l ^SflAi, ^ <£^X\?§^ *fll eg <^ <* O.^ 

*fll ^ #71 tfl^Rr *fl2 ^-§: ^1*}^ 51*1^ 71^-4, 
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#7l 7l#S] afli cg<*ofl £*>*}o.S. *fll #2fl-Bf\ *U ^ *f|2 #2fl = 

Xfl-* *Hl #7l 5.^^ 71^:^ 42 ^^15 ^)3 #Hfl = ^, 

#7l 41 %^^^o.S.4Ei ^#3^ #4 ^^^-o. ^^Hr sj-^ ^^>^- 

^12 ^ *114 #Hfl = #^r 42 #71 ^12 ^1 

*U 31^4 #71 *fl2 #efl^-#<Hl ^12 ^ ^ #71 ^4 #Efl = #oll 7113 #^M- 



<27> #71 71^ A]^ ^ °]^<*\£ ^ ojo.^ , °1 2.-) *V 

71^ GaN 71 ^o] 01^- ^ o^cf. 

<28> £ ^Al^Bflofl^^, #71 ^ ^13 ^-EflJE.^^ *fll aVS^lll-^S. ol^-ol^ol, 

#71 A]2 * *fl4 #Hfl^#^r *l]2 ^-H^lll-^S. ol^o^^ ^ o}^ 

<29> H}^-2l^>7ll^, #71 ^1 ^^-2] A}1 #71 *lll tBflEf #ofl ^ 

*#f% #71 ^ #<H1 MJ=# ^ #71 <£^2. #2flJE=^ #ofl 

*m oj^-oi^^, ^-71 ^12 A2 «r^^ ^#s>7l ^t!r 

oo> ^l^jis.^, #71 *fll #efl^L^^ *U 51^ GaN Til s}-^-§- >=!}-;£;Hl flolc], # 7 1 ^> 

^ #^#^r GaN/InGaN^l cff^F?- # ^0^, #7l <y£H #2fl = #-gr GaNTfl a>£ 
*ll #^°H, #71 *#^g: GaN/InGaN31 ^0^0.^.^01^, # 7 1 *fl2 #efl = ^gr 

^2 AlGaNTll tiV£^l#^^ ^ &c]-. g^th #?1 *tf2 ifl-^fc AlGalnP, GaP, 

GaAs ^ InNilS. ZLf-°.S^-Ei ^£^1 #^5. ^ ^HH^ ^ 
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<31> ^Al^EfloflA^, Aj. 7 l ^ ^3 <MsL *§^€ ^ SZtf. Stb, -8-7.1 *fll ^ 

A2 c^^^- *n<^ #71 ^li s^*i*lH *§-^€ ^ $14. 



<32> t}= ^A]^E|HH^r, ^ 1 eg <* Jl}- C.jjL ^€ 1 ^ 1 £ 

<«*Rr *fl2 J£*i^ 7l^32f. ^7) *fll ^<^ofl £*Ho.S 

afll #2fl = #, Tfli %^<£<* ^ *fl2 #2fl = #* i^-t!- *fll t^Sh ^"71 7]^ *ll 

2 ^*fl ^13 #Hfl^#, *tfl ^cgc* 0.5. «-E^ M^VS]^ 

^5]^ «flAfl^ jxj-^ #0. ^-A].^ #^<^ ^ ^14 #2fl = #-§; *ll 

2 ^"71 H^Aj 7l^-o] ^ 2 *fll 4>7l *|12 #Sfl_EL^ofl <^^^ ^]2 

^-fr S^*Rr ^ ^ v ^7># ^l^-^cf. 
<33> tfj-^^MlTT, Aj- 7 ] *)]l *Qr%%-9] afll ^A^*]^ ^*>7l fl* #^#°.sL 

ol^f-O^M, A oM *fl2 ^2 ^^^r, A o V 7l ^)3 = ^ ^oHl ^ 



<34> ^l^O.^, Aj-7] ^3 #EflJ=#£r *fll £^ GaN^) te^l #^ol^ ( Aj.7] ^- 

^ GaN/InGaNTfl i^<#aF^-I- , ^7) <$5lZ_ #Hfl = f^ GaNTj] 
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4 ^71 ^Afl ^f^g- GaN/InGaN7fl cffWt^^, 44 #sfl = #^r 4 
2 51*1^ AlGaN4 sJ-tM- ^.£*fl#^«] ^ . 

<35> SEtb, #7l 4l ^-^^ AlGalnP, GaP, GaAs ^ InNA^ ^f-iL^Ei 



<36> -g- ^Al^EfloflA^, £^ 7 )#*. GaAs 7)®3[ 4l 7l^«^ ^ ^Cf. °1 ^ 

-f4, 41 ^ 43 -I-efliE.#-^ ^l 5L^ ^£41-^5. ^^M, ^-71 42 ^ 44 -t 

<3?> ffi *v, #7l 42 #7] 44 #4-E.# #4 42 7l#4 ^-7} 42 



<38> ^0>7K ^Aj^Efl^ ^-7] £^ 71^ 41 42 £^ 

71^-8- ^ £1-°^, *1 ^4 ^-71 42 ^^-^1 43 #Hfln#^ ^71 42 s.£*% ^ 

<39> ol 44, # 7 | ^ ^4 #4«^ 42 #.£4-1-^3- ol^o^^j!, 42 

^ 43 41 «V£4#^s. o] ^ 01 cf. 

<40> «>^*>4^, #71 42 A o V 7l 43 fHflEf ^ 42 ^^"7> 

47151^ ^-71 41 7]3&-4 cfl^SRr #7) 44 ^Eflc^o^ 7f*M , #7l 44 

#sfl^^ ^#^4 41 s.&n 7i^ o^i^ ^^tf^i £\n ^mn. ^ szcf. a*!, # 

71 42 ^>7j 44 #4 = # #4 «g^€ GaN 7^1- v\ ^ oicf. 
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<41> t£^- ( £ H-^^ AflS-O. H _fl^ ^v^-^^o) ^ s « o v^^. 

<42> ^-71 « 0 V H£-, *fil ^12 ^^-^.S ^-£-=1 ^ -tf?] igofl cfl^]-^ 7fl2 ^ 

* 7>*M *l\d £^ *ll^-i5Kr #7fl<4, >^7l 7l^ °=H ^1 

#2fl = ^, ^1 «-^<3<* ^ #efl = #^ ^f^^ ajf^H ^11 ^^Kr #31 

#7] 5L$.^ 7]%S\ *\}2 <^°fl ^3 #efl = #, ^-71 afli ^^Jl^-Ei ^Vs] ^ 
^^o] a-flAjj^g. 3X)-^-o] ^ ^-AV^ *fl 2 #A^^ ^ ^4 #2fl^* 

S. ^^*V^ ^12 t^-i- ^*Rr ^7l 7l^^ ^2 ^ofl *fll Al^-g- ^^s> 

-IL, ^-71 ^12 #2fl = #^ ^-71 ^14 #efl = # ^Hl zj-zj- ^12 ^ ^13 ^*Hfr 3. 

<43> #7] Afll ^#^-«- *§^*Rr #31-1- Aj. 7 l 5:*^ 71^-^ i£ofl § 

efl = #, ^1 *^<3<* ^ *1]2 #efl = #-|- ^>^o.S ^*Kr ^}^, #71 7]^ 

^12 <3<*M ^>7l ^^^Sl-i; ^71^ ^TjlSf, A o V 7 j ^Zf.^ - Aj- 

71 ^12 <3<*H1 <y^t.V ^r^Hl ^^M- ^*Hfr #31 S ^ ole^ # 

7} A2 ^Aj^ cgcrf.g. ^5> lt V s ^ ^^ofl 4, o^cf. 

<44> £ rtr*$°) Cf^- ^Al^^ofl 4f g]^ ^^7}-^ Tfll *)12 ^ 

<3 °.5L ^-g-^ *IU *fll #ofl tfl^Rr All 2 ## ^ ^11 JE*1^ 7l^ Afl^Hr 

#3]2k Aj- 7 1 7]^ ^1 cg^oH #E|]H#, ^)1 ^ ^12 #Bfl = #^; 

^A)-^ ^^^^ ^11 ^*Rr ^Til^-, ^-71 Afll 7}#2) ^12 ^^ofl, ^]3 
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#Efl = #, ^-71 afll iH+slfe- #4 ^^^-ir >$#*Hr 4#sl 

^1?1tt #A&t, #7l S-SHg 71^ *)12 ^4 ^-71 *fl2 #Hfl = ^ #°fl *111 ^ *112 ^ 



7l ^2 ^ ^3 #efl = ^^ ^12 aV£^l#^S. o)^o]^_ + 91—^ , °1 #7l ^ 

#7l A]2 ^^]7)^ ^-Tfl ^oQ, #7] *)}1 7l^ofl *)12 £L^ -ir^# <3<3 

^ ^*Rr ^7111- b) i^-«H , #71 A2 ^^171^ ^}^, #71 *)12 t^f^ 

^13 #HflH.^ ^^^-#0.5. #71 *fl2 51*}^ °§<3H ^^71^ #314, #71 ^12 

1>^f4 *fl4 #2fli=f^g- 4€- ^^#o.jiL #7l *fll SL^ 7}^) 3 ?] ^ #31^ <>1 
■M^ *r 5U4. 



<46> o|<2}- £o], ^ «HaH^^ ^ ol^ 2711 EE^r 37fi4 B^tfl ^ <£) ^# 

*m 27114 <!>}-44 71^ #ofl ^1g._o S *| ^ ^-Jl^oI -f^*V «JjAj| «V 

#4l4# afl^ ^ 91°-^, ^44 #ofl 27fl£l ^^Hf* M-^l |^3}£S, 4 

#^ ^ 7fl^| LED S^Rr « 0 v 4iL4 3^ ^lStil-g-^S. 14 ^*>7ll *\]^ ^ 9X 

4. 
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<47> Aj- 7 ) «].<4 ^-ol ( a. «Vrgo. ^ y] Qo) ^ 27 >^ W>^^^ Aj 

<48> ^U}-^ Aj-£-<5}-^ ^EflS.^, =L 7) 4& ^ofl 1 ^ ^ 2 3. 



<49> Ojsq- ^ t -f-Aj-o} Aj-g-SRr Cf^- ^Al^EfloflA^, ZL 7l # #o|| ^ 



£21- Aj-7] HflA^ ^^ K50) ^ ^q.^ 7l^r(41)<Hl ^^«o v fAS M- 

^3^r *fll ^ *fl2 ^^-(20,30)* JE^th}. aJ- 7 ] ^ll t^(20)fe £A]^ «>2f 
ol a^jl cf= 27fl^ sl-^-tfl^^- ^ ^-a>^ 71 <^ %Aj^(2 3 ,27)l- ^ XJnf. 
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<53> £ ^Al^Bfl^, # 7 1 JE*i# 7)^(41)^ *\°)5L *W ^x) %q#* ^-4^ ^ 91^ €■ 

<H1M^1 MH^-^-i: £1= GaN 7}&^ S.^r^. SE*V, #7l ^1 ^^(20)^ %##(23) 

^ ^*>7l GaN/InGaN7fl ^^-^3i9l ^ , ##fK27) 

£ ^f^-g- ^xvsj.7l 3tt GaN/InGaN3l t^^T^Sl «-##<a 



<54> £2 ^1 S^l^ ^o], # 7 1 JE*1^ 7l^r(41)^ ^^l ^§#€ ^11 ^^--¥-(20)^ 3. 

Tfl #71 GaN 7]#(41)<H| ^#^1 GaN Til #sfl^(21)4 AlGaPTfl #HlU=#-§; 3E#th}. 

#71 ^ «:#^(23)£: #71 GaN^l #2fl = #(21) #<^1 ^#£)H, #7l ^ *^^(27)^ 
GaN #2flS-#(25)4 #7l AlGaP^l #2fl = #(29) *}o]6\) *g#^ ^ 54 c}.. 
<55> o^H, ^Afl ^^(23) -4 ^-Afl:g-##(24)£l oflui ^JEL^ Jfl ^ 

°fl #tfl^^.s zz. iM?} M ^13-2-S, ^r#* ^m^lMH^-^^a- ^ 

1.3-2 eV^cfl %q*8r *K+-§- ^tb *HM*| : 3.3 eV°H , 3 ' 

tV ofluixl hH = 7^^. 2.8-2.9 eV^lS.5., ^o] ^#*HS. zj- 

%#^(23, 24)3-3-¥-*\ ^ &t}. oieitb ^r^^l- ^fM^l 3lsiH 

*#^(23)fil p^ #HflS# «^-2f ^ ##^(27)^1 n ^ #sfl = ^2l ^ 
« ^^(undoped) GaN #Hfl^#(25)^r #7l ^%##(23)3l- ^###(24) a> 

oHl tifl^ltVcl-. 



<56> M. ^Al^Eflfil- go], ^-^7> ^ *fl#*Rr ¥ 4#cfl^^ 

tt 3-f°llrr, ^ #^.(23) °1 ^ «-^#(25)icf GaN 7}&°\] 91^*}^ «fl^]5l^ 
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%o) w>^^>cf. jit}- ^130.3., -g- ^X\tmo\] tt).^. Hnxq igj-^*}.^ GaN 7)^(41) 
°1 # J j L -& ^S\o] A}|.S)£S, #Efl*<M ^Wl Wfl*l€ %^#^-S^-Ei ^ 

^« ^ ^7\) ^€ ^ Sism ^ €- °)H*1 ifflJEL^-fr £tt ###4 GaN # 
•^f^* #7l 7]^(41)^o]l ia|}*l*Kr ?M t^*}^. u}-^, ^aI^eIH 4 = «fl^ 
t^7}-2}- ^-o], #tfl*}o.^. 3. oflui^l aj] = 7j^- £ fe ^ ^^( 25 )# ^-^^^(27)^ 
#7l 71^(41)^1 7}#7}} Hfl^l^ «l-^*>4. 

5E^, #71 *H2 ^-^-¥-(30)^ #71 afll ^^-(20)71- n m 'IHJ- 

•¥-(20)7f ^£l*l ^ r}^ °m<% n*§ AlGalnPTfl #2flJE.#(31)4 3*1 ^ 

t> AlGalnPTfl cf#-f#^<?l *^#(33)4 AlGalnPTjl #sfl^^(35)# ^ 

#71 afll ^ ^12 lHHr(20,30)fe 7l^r(41)fil -g^tb ^1 ^«J-^=o_S q-^*l 

Mfl ^1 51b}, *\*L cfl^Kr ^0} #7}^°_g. ^-B}^ ^21 ^feCf. ^le-1*}- «-e}^2:^ #71 
*fll ^ ^12 ^-^-(20,30)51 *>°H ^ < ?1^(43)# ^*Rr ^ ^ & 

^^l^Hfl^- £0) #7] ^<^SV(43)^ ^^-^^-i: 711^1- ^1^1 *V ^11 ^V-fJf 

(20)5} scjoii ^^e)o} j±x#2l q-gs. ^ ^ ^cf. 

^1*8 «I4 ^^>^ #7l GaN 71^(45)^1 21^-^4 *fil ^ *fl2 

^-¥-(20,30)2} p ^ #efl = #(29,35)^l AA ^ p^ 3^(45,43)* S.^^ . 

" ^^-(43,44)^ #71 *fll ^ *fl2 ^•^(20,30)2} ^-f-*l 
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<eo> je*. JE2<H] sq- £0], >a-7l #efl = #(29,35) #4) ^€ *i^(43)£- 4i 

33 ^S.Hefl^ofl ^ 01 5:^ *>^^- #je^. ^o] y>^^>T4. ^ELS. 

Sflojofl jq]7l^ ^-2i^ £4<>1H ^.cf ^4*1 ^^^r>7lS. ^rtf. 



# ^ ^#4, *112 IH-^H ^ q*H%o) ^s\o], %s[*\°_g. €*Ur H 4^# 

<62> . <*fl-» #<H, *IU ^ 450nm ~ 3 550nm3 « o. £1= ■ 

Xf-trKSL^- ^*}jL, >fl2 3= 630nm ~ 3 780nm3 

<63> wV^o] ^^Al^Eflo]! rcj-s. «Jj^ ^-^7>o) 2fl2:^# 513a vfl^l 3f* #2*M 1± 

^ A cHl§l ^W-. JE3a 3ffe ^3 Uaflofl 14 -g. BflAfr ^-^4,7} 42:^1- 1^*} 

<64> O-A], £3a ^ ^o], 3|^-*V ^ 7l#(lll)^ P>^t!-4. A > 
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<65> O^, # 7 ] £^ 71^(111) #^3l <U<%*\o\] m 3*1 ^^#^r 

^^^r £3b^ £3c°11 ^-o] ( s.^^ 71^(111) #<£ ^Xl^^] afll ^ 

-¥-1- ^^^>7l ^t!r 1*V ^^i, *fl2 ^-¥-7> <^2} ^;£^-i-g- ^71 

<66> ojl- £3bSf ^-o] H^Aj 7 }:£cq #^ofl #Efl = #(121), XU *^(123), 

#sfl = #(125), X]2 #-^#(127) ^ *fl2 #2fl^(129)^- ^>^^.S- 3^*Rr 1*} ^ 

^^>7fl #71 X)l M^#(121)£r GaNTfl #Efl = #(21)^.5., ^"71 afll %^f^(123)^r 
#-8: ^ v ^>7l GaN/InGaN^l ^frf^^^S ^€ ^ 5E*V, #7l tfEH #Hfl = 

#(125)£r ^ GaNX] #sfl«o.S, ^>7l *fl2 #^#(127)^- ^r^# HkMH*7l ^tb 
GaN/InGaN7fl iEtb *fl2 #efl = #(129)^ AlGaPXl #Efl = #iL5. ^ 

<67> 4f #71 7l^r( 111)51 #^ # X|2 ^^7> ^^o] ! 

*> M^^*(121,123,125.127,129)* ^^^^S <*H3!th=h £3ctt A2 

%^7) fl^ ^-8: ">^^>7l fl«fl, 1*> ^^^2:1-21 <^7> ^71^ #Efl« t+Ej- 

^7^ 1^3 3 XI 1 ^tbCf. #7] XI 1 ^"^(120)1- 
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^^^§21 ^fl* 4^ 71^(111)21 ^cl.ic^SlSS. o^u. # ^ 7 >^ o.^ ofl 

W ^JE #4- o]^ £oj f^^jl! ofl^ cg<*^ 2^ 7fl^-?-« Z\]2)*\JL 

71 *lll ^-¥"(120)21 ^l ^<£4^r ^^*>7l ifl^- <3<*ilS Af-g-^ ^ 



^, £3d4 ^Mrg-^HH ^^-oi ^I^i^zl Tin ^^2i a^#*ii 

o,] ^^nv (1 4 3) ^. ^^^4. ole^V ^<3^(143)£- Si02, SiN ^2} -f-tfaJSl ^4^- 4-§-^" 
^ #4. £3d^l £^1€ ^^(143)^ #7] S.^ 7l#(lll)2l ^<^^ofl $>$^ ^ 2 
-^(-£3e2l 130)4 ^^-(120)21 *]S. 4^>^ &E^- -grSH^ ^ 5U* 

^ A o v 7l *fll t^^l Aj-s). = wj-^1471 fltb JiJL^JLi^ o| *MJ^4. 

t^^i 4^. ^Ai^EfloflA^ 7^11 ^#-^4 ^-e)^ ^^Hi 7fl1 Jf#JLS 4^ ^12 
« ^^4^-°-^ E^ 7l4<Hl ^#*Rr ^MSls. ^ ^4. 



£3e4 £°1, ^"71 £^ 71^(111)21 ^<§^ ^ ofl aj) 3 #2fl^#(131), ^13 

(133) g *H4 #2fl = #(135)^r £43 3#*>7l 2]4 24 ^#^^g- £24 £ 

ol 4^4 x\*J\ 21 *V *fl2 ^^-(130)» ^^471 *fl3 #Hfl^#(131)^r 

AlGalnPTll #efl = #o.S, #7l *fl3 %^#(133)£: AlGalnP^l 4^ J r#^ L S<y f^f^, 
*fl4 #efl = #(l35)^ AlGalnPTll #2fl = ^S ^€ £ ^4. 

^3°.^, ^"71 5L^ 71^(111)21 4€- ^<H1 *fll #^-(145)-§- ^4^1, ^71 A)2 
#sfl = ^(129')4 ^14 #2fl = #(135Hl ^12 >l^§- l^fA^ £3f4 ^ 
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«J}Afl ^i^>(i50)« 544. -£3H «H lHtei*Kl50)^- e^Hel]^ °fl ^ 

^■sl<H A>.§-^ nflofli. £2 sq- £o] ^>^# tiVcflS *H AV-g-^cf. 



<72> £4 o]l BflAfl ^^M^V Sfl^l^l (200)tt £3f^l tiflAfl ^-^^ ^ 

(160b)# *fll t^S* 3^ ^-^(rZO)*! ^12 ^#-^3. 0)^.0]^. 

<?3> a o v 7 ] BflAjj «v^-^- 7l^(l51)ol #Jf# *fll ajc^efloj ( 195 )o) ^ 

^€4. SEth ^-7] «J]^ ^i7.>^ *fll #^(185)£: s^H-I- o]-g-^ ^ *fll 
= efl^(i94)<^l ^sH, *fl2 ^(187)£r #7l *fll e| =^efl<y (195H1 ^^cf. ^^^Bfl 
°1H ^>-§-^ 2.^^ 71^ 7l^ : o]a 5 . > z]- ^^-( 160a ,160b, 170)^5.-^ f}-^ # 

<74> sc*}-, wvtgofl nf^- ^-^^^ £A] ^ ^ ^<^Di-( 18 3)4 *U 

(160a, 160b) Aj-olofl ^1-B|.(i8l)# ^7Hil ^-Jl^ ^£a)^ *r 9X^. 



^Ml, *H ^^lA]-^ ^^-7} 71^- o^l- *£*}5m 2fl7lAl^Cf. ^th ^ 
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^n^r, ^A]^Eflfif ^ 7 m -¥-#^^^1 ^2 ^#-¥-(230)7} #4^^(248)5. £^ 

7l*(241)°fl ^Efl-i- £A]^Vcf. 



<77> ^71 wW^-M ^^^(250)^ 3711 51^ 7l#<y GaAs7l #(241)4 , 

=L $H *IU ^^-(220) *1]2 1^-^(230)5. ol^o^^lcf . ,3. aJaI^eJH^ ^fl-g-S]^ 

71*8: £2^1 JEA^ 7j*(41)4 ^ ^MM^ *1]1 1>^» aJ^-a] 
71^CH1 7l^;Ol^ A>-g-^ ^ flc).. 



^-71 *fll ^^-(220)^ p ^ GaAs 7l*(241)^ ^^l AlGalnPTfl 

#efl = ^(221)3f *H W AlGalnPTfl *H %^fK223)4 AlGalnP 

Tfl #2fl = #(225)-a- 5E^-W. 2L*V, Aj-71 afll ^^(220)^ p^ GaAs 71* Aj-ofl j$#x\ 
7lfe ^-^-S ole^v ^ p ^ GaAs 7l# Aj-ofl p ^ AlGalnPTfl = ^ 

(221)4 AlGalnPTfl *^#(223)-4 n^ AlGalnPTfl #efl = #(225)^r ^a^ Jfofl ( ^ 2 ^ 

^(230)7> <§Aj^ C^C^ AjlJj^ O.^ °1|4!*H=- ^JlS ^€ *T ^4. °14 ^-O] Aj-7] 

*fll ^-¥-(220)1- ^°fl Aj-71 ^(247) AJ-7] afll ^^-(220)^ 

X£ °fl Si02Sf ^ ^^s|(243)* ^ 5flcf. 
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<79> <#7) 42 ^^-(230)^ ^7} *fll ^•^(220)^- ^ ^ ^3^, AlGaPTfl # 

efl:=#(231)4 GaN/InGaN^l ^ %^#(233)^-, GaN #eflH #(235);2^- 

GaN/InGaN7^1 cf^-f # «-^#(235)sh #7l GaN 31 #2fl^(239)-8: 

. £t, A cM »12 ^#^-(230)^ GaN 7)^(238)^: <>l-§-*H ^-g- ^ 7 fl 

1 ^ 31°-^, ?m -¥-^^Hflo] ^ 2 ^«. (23 o)^ ^^^-#(248)^.3. #7l p 

^ GaAs 7l^] ^^-^q-. 

<so> ^7) p tg GaAs 71^(241)^8: ^ofl p ^ ^^.(245)ol ^-7] ^-^-(220) 

^ #Hfl = #(225)^ ^12 ^^(220)^ 71^(238) AA #^-(247,248) 

°1 ^^^4. ^l^Eflo^ ^-71 A}2 ^#-^(230)^ <&^& ^-^-i- ^^-Al7l^ 

^ o_ 5. ^S)ES, #7] ^2 tflsflA^ iH^l ^i^-^^^-^^ol ^-71 *fl2 13-^ 

(230)^1 7l^-(238) ^Hl ^(248)-g- *le| ^>a^ #3HH GaAs^ofl ^^1^ 



GaAs 7l^-(241)^ -f-^tb ^l^iLS. uf^] ufl^]^ ^ 2 220,230)* ^ 

^ tfl^Kr #^-0) *\}^S\±= ^Eflol^nl, ^7}x]sL ^€ *1H^, #7} 

^11 ^ ^12 ^^(220, 230)7]- p ^ GaAs7l^^ol ^jf-g. ^V£^-, ^ n # 3^- 

(247,248)^1 W« «fl^lSl^, ^ 3*^8- 2H0I ^o.^. elJELH^MiEADofl 
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< 82 > £6^ ^ t^2] £ ^l^^H afs ^^>(300)# H-^Kfl-b ^i 0 ^. 

^l^Eflb, £5<*H £*]€ ^Al^Eflsq- cj-g. n tg GaAs7l#(291)^°r A>-g-«M A2 ^^(280) 
3 ^<£lH^ #b *\q ^^>(300)# M-E^^cf: 



£61- , -8-71 «HMt*K300)b HTll 5.^^ 7l^«y n ^ GaAs 71^(291) -4, 

~2 iflofl *||l ^^-(270) *2 ^2 (280)5. ojs^^^ ^_ ^Al^EfloflA^ *fl-§-£^ 

£^ 7lJfr£ £5°fl £A}^ 71^(241)4 ^ GaAs7l^ol^n> > ZL<4 til-cfl £^<8*1 p^°M, 
#7) 51 71^(291)^ °j *HM(Zenner) tj-ol^c ^v- 

4. °1 si *V ^#«8^(298)£- ^2 ^^-(280)« 3^*1 7}±= ^7j) ^ofl ^^^cf. 

#7] afll 1^-Sf(270)b ^>7l n ^ GaAs 71^(291)^ ^^«ofl $^£M t AlGalnP^l 
#sflJEL#(271)4 3^ l^-i- ^ AlGalnPTfl cf^-f^^S^l *H #^^(273)4 p^ AlGalnP 
Tjl #sfl^.#(275)^r i^cf. Hth #7] *fll ^^-(270)^ GaAs 7]% -tfofl 
7lb «<H-£-S. ^€4. <>l^tb #3] GaAs 7}Q n ^ AlGalnPTfl #2fl£L# 

(271)4 AlGalnPTfl ^ #^#(273)4 AlGalnPTfl #£fl£^(275)* ^^1^1 JMI , 42 t 
^(280)7> ^^-S- ^^jiLS. o)} $ *&*\ £-3. ^ 

°14 ^"71 ^11 ^^(270)1- ^o]] ^-7) *d^-(297) ^€ ^l^tl- 

^71 *fll ^-^-(270)^ oil Si024 ^ ^^^(293)^- <8^§ ^ °i4. 

^71 ^)2 ^-¥-(280)^ ^7) *fll tJ-^-(270)4 4€- <8^°fl ^3°}, p^ AlGaPTil # 
efliEl#(281)4 GaN/InGaN^] 4^1- ^2:°] #^#(283)4, ^£H. GaN #efl = ^(285)4 
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GaN/InGaN^l tff'-ff- #^#(285)^, #7] GaN31 #efl^#(289)# 

<87> # 7 ) ^ 2 ^"^(280)^ GaN 7l#(288)-i: °l-g-*M *t5L^ 

^fet*. ^r, ^ u o V ^# H=*fl ^ AlGaPTfl #Hfl = #(281), 

GaN/InGaN7fl ^ *^#(283), GaN #sfl^#(285) ^ GaN/InGaN^l *^#(285)^ 

o)Hl£]<H, ^V 7 i n ^ GaN^l #efi = #(289)3 <^^-^o] #^th 

<88> •& ^I^eJHH^ ^12 1l#-¥-3 ^^-^s ^Tfl ^p-^l^o.^.^, 

A oM ^2 ^ #2fl = ^(281)^r p^ 1-^1- ^^(292)^1 ^^#(298)<H1 ^ *fl 

3*1, ^7] n ^ #2fl-EL#(289)3 <#7] #^^"#(299) .2.5. #7l n ^ GaAs 

71^(291)^1 ^^"^4. 

<89> # 7 ] n t§ GaAs7l ^(291)^8: ^ n# #^-(295) °1 ^^s)ZL, afll ^^(270) 

3 P^ #eflJ=#(275Hl p^ ^i^-(297)ol ^sH, ^7} #Efl = #(281)2]- n*g GaAs 7l* 
(291) ^ p ^ #£#^(299)* ^^Kr ^^^(298)S. *fl2 ^^(280)^1 p^ ^4 tt 
A>tV <*^-g- ^ - 01 cf. ^Al^Eflofl 14= ^di7>(300)» ^*fl, #7} 

5? XI 2 ^#-¥-(270,280)71- GaAs7l^o] -tfJjL.g. yfl^^jl, *fli 

-t- (270)3 p# ^(297)3-, p^ 1-^1-^^(292) =l ^^^#(298)^1 s}^^ 

e] = = ell 0 J(Dl£Al)oil ^ oicf. 
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<90> £5 * £. 6 ofl £A]^ , S.^^ GaN 7]^-2f ^"-g: Cf€- 

*1]1 ^%^^} o^e}, *fl2 £3*1H -g^sl ^-o] 7]^: >bHl ^#*1 

^ ^5. SJo.ol, #71 *fl2 ^^-(230,280)011^ ^a>£]^ ^J]# ^ ^#4, ^7) *U 
-?-(220,270HH ^"8=)<H, ^3.2.3. ^*Hr *H#-g- ^ °i^.i4, 

^ ifl<*IH ^3]o} ^ ^ ^ ^^o] 7Br<5)-tHr 3£r # 

71 ^31 7>^1 7.Hl7fl^ 7>^^- ^ojcf. 



* 71^21 ^^^^-M-, n^g % p^* ^cflS. %^ ^5. 9X±^ , *W ' *^ 
tf^J?-* ^*Kr AlGalnP^l $H GaP, GaAs, InN -f-^- A>-g- 

^o], ccfs^ i ^^1= ol-g-^1 e>if ^#0.3. ^€^51 

TT 27fl SE^f 37fl Si li^tflQ^ #-gr ^*>^ 27fl SI oj-g-^-O.^ ^^]ofl ^ ^ Jl 
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^ 71^- >^H] 27fl<^ ^^-1- i^^l ^*}j2.ig. ( 7 fl^) LED S^*> 
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1] 

*]]l eg 034 ^ 2 ^^^S *fll ^ *fll ^ofl cfl^>^ ;*H2 ^-g- ^1*}^ 

^7] JE*i^ 7} ^9] *fll cg^cfl £*Ho_5. = *fli ^ ^12 

#efl = ## i^-tV *fll 

^-71 ^]2 ^^ofl ^£ *fl3 #efl = #, ^"71 *fll 

7)^ z\}2 ^1 S^^^ *IU ^4 -#71 ^2 M^f^l <^^€ ^2 ^i^- 

^ ^"71 *fl4 #2fl^^l *fl3 ^-fr 5£^>^ ^ ^4l7>. 

2] 

^71 £^ 71^ ^-^1^ ^ #^sL ol^c^^l £ ^^S. 

*>fe *M t^7>. 

3] 

^-7] 7l^ GaN 7]^ol ^-|- H'^S *Hr ^ tfi^. 
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[^^8- 4] 

*H13N 91°]*], 

5] 

X14^H1 &<X^, 

A oM XI 1 ^JjLs] XI 1 ^^^r ^71 X]l #Hfl^ ^ #7] 

A o V 7] X12 *fl2 ^ <3 <3 3 A -9#-8: ^^>7l ^^V o] s.o^^l ^ 

6] 

^"71 XI 1 #Hfl = #£r XI 1 GaNXl #iX] #^<>H , # 7 ) ^ 

GaN/InGaNXl ^^^-f # ^oj^ ; # 7 1 <£^S. #efl:E.#£- GaNXl s}-^!- ^iXl «-^°H , 
A o v 7l #^£r GaN/InGaNXl ^°^}^-^2io) _ # 7 ] *fl 2 #Hfl = #^- X]2 

AlGaNXl sl-thl" teXll-^'y ^ «Hah 
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[^T 1 * 7] 

#7l ^12 ^^-tt AlGalnP, GaP, GaAs ^ InN^-S. ZLf-o_ ^£^1 

[^t 1 * 8] 

#7} ^2 31 m <M5L ^€ 3# ^r^SLS. f>\±r ^^>. 

[^^9- 9] 

^7} 7(11 itttty #7l ^12 H-^Hf ^Hoj) 3L#*Rr ^-§- 

Sfrfe *H t^7>. 
[3^* 10] 

A oM *I<3^£- <$7] A2 #^°] 7\}<i\^ #7] m SL'S^H ^ 

€ 53^- ^ ^ ^4i7>. 

[^*J- ill 

*fll *\}2 <3^J15. ^€ *Hl ^ ^7) afll igofl tfl#*Hr ^12 ^-fr 

^ 7l#; 

A ^7l 7}®2] <3*M ^>^O.S. *fll #Hfl^#, *fll %^<$<q ^ m 
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#7l 71*3 XI 2 <8eH =4^^-#ofl ^ Xl3 = #7] XU % 

^<^«as^ ^#3^ w ^^^-a- >s#*Rt s}-#3 ^ ikv^ xi2 

^ ^ Xl4 = i^-*V ^ 

#7l xl2 ^ofl X| l #7l Xl2 #efl = #oll <^^^ Xl2 

12] 

*flll*J-°fl SU^-H, 

#7l XU X| 1 a^^-fr ^*>7l ^Hf^S. oj^.oi^^ f 

#7l X| 2 X|2 ^<3^£r, #7l X]3 #5fl = # #<*fl *g#€ ^ #71 

^ #<Hl ^£5. ^Bfl = # ^ #71 ^JEH #Hfl = ^ #ofl 

[^T 1 * 13] 

XI &<H>H, 

#71 XI 3 #efl = #^ XU E^ GaNXl «h£Xl t^H, #7l ^ 

GaN/InGaN7ll ^<#7l~f-§- ^1°!, #7l <yj£H #sfl = #^- GaNXl *V£X1 1^<X*1, 

#71 $4) GaN/InGaNXl ^0^0.^3.0^ _ X|4.-M = #£- Xl2 

AlGaNXl Sj-tM- ^£X1#^«?I ^ ^ afl^ iHl-iM-. 
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i^Tlt 14] 

^]11^- *IU31H 9X°)*\-, 

<#7) m ik%^ AlGalnP, GaP, GaAs ^ InNiLS. ZL#^.S.^-B] «V£^ 

#^5. O]^^ 3}^ ^Rr HJ^ ^^>. 

is] 

^lll*oHl 5a°H, 

^•71 ^11 51*1% 7m°J 3# ^ °-5L *>fe ^ ^4l7>. 

t%tt 16] 

^>7l 7]^ ^11 JE*i% GaAs 7l#<y ^ ^^.5. ^ «J}^ ^i*}. 

1*8 17] 

^71 *)U ^ ^3 #Hfl = #^r *fll 51*1% «VH^#^5. ol^^^ ( ^. 7l ^ 2 ^ # 
Efl«^£r *fl2 51*1% #51*11 -§-^5. °1^*1 s.^jo S ^ ajjxij ^-%^>. 

18] 

^115%H] SM^, 

^-71 *ll2 IH^tt #7} *fl4 #Hfl = ^ ^>H1 %^ X| 2 51*1% 7|^2|- ^7] ^12 51*1% 
7l^r tfofl %*j£ c] S^Hr ^-fr ^5LsL ^ ^dii^K 
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l^ty 19] 

^lll^l 91°]*], 

[^T 1 * 20] 

[3^-211. 

^19%H1 5&°H, 

A oM A]2 >£%^±r ^13 #SflJ=# ^ *fl2 ^7} *1l7i£H #7] 

^fl 1 71^4 tfl^Hfr ^7} *fl4 #2fl = #sl 7>^H, 

^>7l ^14 *fll 5.*!^ 7)^ ^^Rr ^^^l ^^Sl^ 

22] 

*1119%M1 5a<H>H, 

A oM *fl2 tf^fe ^7) *fl4 #2fl = # ^<H1 ^€ GaN 7]&-& ^ i^}^ ^-g- 4^_o 
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[^t 1 * 231 

«H ^dl7}. 

24] 

*fl23*J-°fl 5U°H, 

A o V 7l #7) A)2 cg^^. ^s)i$. a o V 7 ) ^! S^^^ofl tg^ 

25] 

^2 ^ *fll ^ #71 *1]1 ^1 tflW^ ^2 ^ ^-til^H 

^7) 5L#^ 71*3 *111 ^^Hl *fll #Hfl=^ ( *fll ^ ^12 #eflJE.^ 

^■7] 7]*3 *fl2 <8«H *)] 3 #£fl«, ^-71 *)1 1 %^<3<* JlS-^ ^S)^ # 

4 ^*Kr *fl2 ^ *fi4 MJ=#-§: 

#71 7l*3 *fl2 *fll #-^g- ^SKu, ^-71 ^12 -MUf^ #7l ^14 #Efl 

A oHl ^ ^12 ^ 7fl3 *l^-gr ^*Kr #31* SL^Rr ^ ^MhM-S} ^2:^ • 
[^^^ 26] 

^125%H1 5a°H. 
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#7l S.^ GaN 71^0]^ f 

1 3^ 27] 

^125%H1 9X°\*\, 

^7} A]2 ^ ^13 *l^r ^S]^r ^iLS. *}±r «H 

28] 

^"71 ^11 ^^Hf«- ^*Kr #31^, 

A oM 71^ *fll ^ofl #sfl«s «-^<3<* ^ ^2 #efl = #-g; ^V^^. 

^, A oM ^^^2:1" ^ ^-71 *fl2 ^"^Hl ^T^Hl ^*}^r ^ 

29] 

^^nv^ ^ 2 *}^oj tg^jg cgc^ ^^^V ^! ^ ^Jofl ^ ^ ^J^- 

^K 1 Z}^ tti^^l ^]S« 0 >^. 
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30] 

^25%H1 91°]*], 

^7} 41 t^eHf^r AlGalnP, GaP, GaAs ^ InNAS ZLf-o.S-^-Ei ^J?M£ 

I^^J- 31] 

*ll25%Hl S^i, 

^-7) *fll *fll %^<3^£r, #7} *fll #5fliEL^ >5H ^"71 

^7l *fl2 ^2 #^^^^r ^*}7] %^#o.S ol^l^l ^-i: 

[^T 1 * 32] 

*fl31lH 9X°]*), 

^7} 41 m^^-& 51*1^ GaNTil a>£^) #^o)^ ( ^-7] 

GaN/InGaN7jl c}-^<#*l~f -§- ^0)0], <>l££ #efl^#^ GaN^l s}-^-§- 

^-71 3g-^^ GaN/InGaN7fl ^^F^l^^H , # 7 1 ^2 #efl = #^ ^2 51*1^ 

AlGaNTil tiVE^ll-^oi 30. s^jo s ^ «J|^ *H^*}<i| Jft3iW£ . , 

i^^r 33] 

*fll eg ^4 ^2 Tfll ^ AV7I *J|1 <«*Rr *fl2 ^-g- 
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<#7] 71^21 Till <$<*\o\) jfti #eflj=#, *fll * *fl2 -M^f- &*}*\ 

#7l »H 5L?m 7}#2] ^2 <3«H, ^13 #2fli=#, #7] afll #^^^0.5.^ 
W >8#*Kr sj-^ ^ ^"^m ^12 ##<3<3 ^ ^4 #2fl«ol 

*§#€ ^12 ^^^CLS. Q^*]?}^ ^1; ^ 

#7l 71^ 7fl2 ^ #7l ^2 #efl = ^ ^"^1 ^ afll ^ *fl2 ^^sfb 

£311- 5L^*}$= ^ t^4i7>^ ;fc« 0 ^. 
34] 

*ll33*cHl oiol^ ( 

#7] 71^ ^11 JE*^ GaAs7)^r<?l t^i*}-^ 

^. 

t^T 1 * 35] 

^134*oH1 91°)*\, 

#7) ^1 ^ *113 #Bfl^#^r *fll , s&7) A]2 ^ ^14 # 

36] 

#7l *}2 #7l *fl4 #2fl^ ^Hl ^€ *fl2 JE#^ GaN 7]^ c| S^V*} , 

#71 *)12 ^^Hfrr #71 ^12 GaN 7]^ #<H1 *)]3 #^.-§: Ifsfe 

^-5. ^ «JH l^^s] ^ll^wj-^ . 
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